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Herpetological methods: II. Protocol for monitoring 
amphibian deformities under temperate zone conditions 


A. FODOR* and M. PUKY** 


Abstract. Amphibian deformities have become a more and more common phenomenon in the Northern Hemisphere, 
and from the early 1990s the frequency of deformity was often above the 2 96 background value. In spite of its 
environmental and conservation importance, only a limited number of studies deal with this topic in Europe. On the 
basis of a three year national study a suggested protocol to recognise, analyse and evaluate amphibian deformities at the 
juvenile and adult stage is given in this paper together with some findings on this topic in Hungary. Individual records 
have value but to analyse amphibian deformity cases further at least fifty individuals per site is suggested to be checked 
from every species with abundance estimations over at least a 400 m” area or a 200 metre riverbank together with the 


recording of additional biotic and abiotic information. 


he rapid destruction of many ecosystem types 
'À and the disappearance or serious decline of 
many species in the last three decades of the 20% 
century stresses the importance of environmental 
investigations. Among other programmes, large- 
scale zoological research projects are needed to 
understand, conserve and improve the present 
diversity of species, the stability and functioning 
of ecosystems on Earth (Purvis & Hector, 2000). 
Standardisation together with the testing of new 
methods to develop better sampling protocols is a 
key element of the process, which is also sup- 
ported by the present series of articles (Puky, 
2001). 


Amphibians are among those groups of 
animals which need extra attention due to their 
biphasic life cycle, high sensitivity and moderate 
migrating capacity. Their vulnerability was re- 
cognised early (Wake, 1991, Griffiths & Beebee, 
1992) and the first standardised protocol was 
compiled already in 1994 (Heyer et al.). Several 
publications deals with this topic ever since (see 
e. g. Olson et al., 1997) as there is a growing need 
for further improvement, regionalisation or just 
the contrary, generalisation of monitoring meth- 
ods. 


The occurrence of amphibian deformities is 
known and documented for centuries as the first 
description dates back to the 18'^ century 
(Vallisneri, 1733). In the last thirty years several 
authors described and categorised different de- 
formity types and summarised the up-to-date 
knowledge in this field (Quellet, 1999; Johnson et 
al., 2001). Apart from genetical reasons, various 
environmental factors from parasites to low 
temperature have also been proved to cause 
deformities in the wild (Dubois, 1983; Gardiner & 
Hoppe, 1990; Quellet, 1997; Rowe et al., 1996, 
1998; Rostand, 1958, 1959, 1971; Woitkewitsch, 
1961). Others (e.g. high tadpole density, water 
chemistry modifications, hot temperature, toxins, 
lack of vitamin D or calcium) led to malformations 
under laboratory conditions (Berger, 1968, 1971; 
Cummings, 1987, 1989; Harfenist et al, 1989; 
Muto, 1969a, 1969b, 1970). Reports on amphi- 
bian deformities have become more common from 
the early 1990s and the deformity frequency was 
often well above the 2 96 background value 
including a 71 96 frequency of a Bombina bombina 
population in the Gemenc floodplain of the River 
Danube in Hungary (Puky, 2000). As this pheno- 
menon affects thirty-nine countries worldwide, 
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intensive research is needed to elucidate the 
possible causes and make necessary steps to 
avoid the conservation consequences of amphi- 
bian deformities. To help reach this aim the pre- 
sent paper describes a monitoring protocol 
suitable for professionals as well as volunteers to 
recognise, analyse and evaluate amphibian de- 
formities at the juvenile and adult stage together 
with some findings on this topic in Hungary on 
the basis of a three year national survey. 


METHODOLOGICAL DESCRIPTION 


The study of amphibian deformities requires 
similer licences, preparation and safety pre- 
cautions as other fieldwork with amphibians (see 
e. g. Heyer et al., 1994; Olson et al., 1997; Puky, 
2001) Here only the specific requirements of 
amphibian deformity recording are discussed. 


Sampling strategies and timing 


Unless other factors are taken into consid- 
eration, sampling can be carried out most 
efficiently when animals are most abundant. In 
the temperate zone this is the breeding season for 
the adults of terrestrial, fossorial or arboreal 
species (e.g. Bufo bufo, Pelobates fuscus and Hyla 
arborea, respectively), which usually peaks in an 
approximately one to three week period for every 
species according to the weather conditions. Both 
spring and autumn migration are optimal periods 
to check the adults of aquatic or semi-aquatic 
species in case they hibernate on land. Besides, 
they can be caught easily in large numbers e.g. 
when crossing roads as at Lake Fertó (Kárpáti, 
1988), and it also means less disturbance to the 
animals than by other methods. If they hibernate 
in water, netting or torching (Griffiths & Langton, 
1998) can also be used to collect them, but it 
usually requires more time. For newts, the 
aquatic period is recommended, which is usually 
two to four months long and might need different 
sampling stategies (netting seems to be the best 
though trapping is also useful when more time is 
available for sampling). Although involving min- 
imal disturbance, visual examination using bin- 
oculars is not an adequate method, as some 
deformities, e.g. ectrodactyly, are small and often 
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hidden, each individual has to be taken in hand 
for the investigation. Both because of practical 
reasons (sampling) and theoretical considerations 
(deformed animals are more vulnerable to pred- 
ation, consequently, their ratio decreases over 
time) newly metamorphosed individuals should 
be checked as near to metamorphosis as pos- 
sible. However, if abundance, biomass or any 
other area-related characteristic is also calcu- 
lated, sampling should be postponed by at least 
one, or rather two months to allow juvenile 
dispersal to take place and thus get better 
estimations. Checking the water edge or transect 
sampling are usually good methods for common 
species while it is often difficult to collect the 
appropriate number of juveniles from the rare 
species. 


Sample size and area 


Records of individuals with deformities even if 
they describe single animals are useful e.g. to 
prove the occurrence of a given deformity at a 
site, in a country or any other geographical unit, 
or the presence of deformities in a particular 
species such as the work of Borkin & Pikulik, 
(1986), Dely (1960), Dubois (1979) and Vershinin 
(1989). However, to be able to analyse the data 
further (e.g. to give frequency), several individuals 
should be checked. Twenty-five individuals is an 
absolute minimum to be studied, fifty individuals 
per site is a reasonable number with an optimal 
number of a hundred individual per site 
especially if the deformity frequency is over 10 96. 
Under normal field conditions it is not always 
possible to collect so many amphibians par- 
ticularly from rarer species. As a consequence, 
the number of animals on which the deformity 
rate is calculated must be included. If less than 
twenty-five animals can be caught it is still worth 
recording if they are healthy or not and if e.g out 
of eight caught frogs two show deformities it is 
well worth checking the site at another time to get 
more information, especially as the activity of 
amphibians greatly changes according to the 
weather (temperature, moisture, cloud cover, 
etc.). Usually, more than one species is present at 
one site even if most are in low numbers; the 
health condition of rarer species is also of inter- 
est, especially when the deformity rate is high 
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Table 1. Short characterisation of amphibian deformity types 


Ectrodactyly 


Type of ‘deformity Short description | 


Total or partial absence of toe(s) 


Polyphtalmia 
Syndactyly 
Synmely 


| Clinodactyly 


Subluxatio 


Tail deformity 


in one species. Since disappearance of amphi- 
bians can also be a sign of strong negative 
processes in the environment, the suggested 
sampling strategy includes abundance estimation 
over at least a 400 m? area or a 200 metre 
riverbank. 


Deformity recording 


In amphibians, a highly threatened animal 
group, deformities may develop in relatively large 
numbers. When deformities are described, it is 
important to give detailed information on what 
deformity type occurred. Table 1 summarises 
amphibian deformity types according to Quellet 
(1999). Four important deformity types recorded 
in Hungary can be seen in Figure 1. In addition to 
accurate and appropriate categorisation, the 
indication of the part and side of the body where 
the malformation occurs can also be relevant. 
Asconsequence, it is not enough to record e.g. 
ectrodactyly, but also whether it is on the front or 


More than two eyes 


Total or partial fusion of toes 


Reductive deformity of the tail 


hind legs due to their different development and 
consequently, the different environmental mean- 
ing of the two phenomena. If more than one 
deformity is present, their symmetry or asym- 
metry can also be relevant. Figure 2 shows the 
distribution of leg-related amphibian deformities 
detected so far in Hungary. Most of them 
developed on hind legs, which indicates en- 
vironmental causes (Puky & Fodor, 2002), but 
front leg deformities and combined front and hind 
leg deformity cases have also been recorded. 


Amphibian deformities have been considered 
to be mass events if they are present in more 
than 5 % of the investigated animals (Quellet, 
1999). However, our field experience indicates 
that it is rather the 10 % limit that generally 
marks the presence of an agent, that affects 
amphibians. A 2-10 96 frequency of amphibian 
deformities over a longer period, however, can 
also reveal the presence of an agent that can kill a 
lot of developing amphibians in an early stage of 
development (Quellet, 1999). If the size of a popu- 
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Figure 1. Amphibian deformities in Hungary. A: Polymely (Rana esculenta complex); B: Syndactyly (Salamandra 
salamandra); C: Polydactyly (Triturus carnifex); D: Multiple (clinomely, ectrodactyly) deformities (Bombina bombina) 
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E front and hind legs 
O front legs 
Li hind legs 


Figure 2. Relative frequency of amphibian deformity types of the front and/or hind legs, recorded in Hungary between 
1994 and 2001 


lation continuously decreases and also shows a 
low deformity rate, further studies are urgently 
needed to find possible causes of this pheno- 
menon before extinction occurs. 


Photography can be an important way of 
making precise records, since the collection of 
voucher specimens requires an adequate licence. 
However, if mass occurrence of amphibian 
deformities is detected or peculiar deformities are 
found, it is worth contacting nature conservation 
authorities at once. 


Additional information 


Additional measurements are strongly en- 
couraged to gain a better understanding of 
amphibian deformities. Both abiotic (e.g. weather 
condition, condition of the water monitored, etc.) 
and biotic information (e.g. body or body and tail 


length together with weight) are usuful data when 
the effect of deformities on the population is 
analysed. Abundance estimation also carries 
important information on the breeding success 
and can be in connection with the deformity 
frequency. The list of possible threats can also be 
useful in further analysis. Water samples can also 
be taken but as in most cases water-born 
pollution is due to a great variety of substances, 
the usual laboratory analyses may fail to detect 
the relevant one(s). As a result, water chemistry 
measurements therefore have a role in more 
detailed analysis of a site with high deformity 
rates than in a routine amphibian deformity 
survey. Even then, negative results are probable 
reflecting the passage of time before the defor- 
mations fully develop. 


On the basis of the above considerations, aims 
and limits, Table 2 summarises the key elements 
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Table 2. Description of key elements of an amphibian deformity survey 


ae 
Timing 


Adults: migration, aquatic period. 
Juveniles: shortly after metamorphosis. 
Species specific, but individuals must be taken in hand, 
consequently catching by hand, netting or torching are} 
the commonest. 
Minimal: 25 individuals/ site. 

____| Optimal: 100 individuals/site. 


Important additional | Description of the locality (name, geo-cordinates, etc.). 
information to col- | Weather conditions. 
lect (abiotic) Short description of aquatic habitat. 


Short description of vegetation. 

Biological parameters of the animals (length, weight). 
Health condition of concommittant species. 

Presence of other important species (e.g. predators or 
parasites such as leeches). 


Table 3. Recordable parameters in an amphibian deformity survey sheet 


[Name of tocatiy ay NEMINEM 
Nearest settlement _ 


Recorders 0 = 

Weather conditions Temperature 
Cloud cover 
Precipitation 
Wind 

Type (e.g. fish pond) 
Size 

o | Vegetation cover 
; of terrestrial vegetation — — A 

Species No. 1. 
Species No. 2. 


List of possible threats i 


| Geo-coordinates 


| Water chemistry _ D 
| Growth parameters (length, weight of 
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of a successful amphibian deformity survey while 
Table 3 lists the recordable parameters. 


SUMMARY 


1. Amphibians are sensitive indicators of 
environmental changes. One of the reasons is 
their sophisticated development, which can easily 
be disturbed by different factors. 


2. Reports on amphibian deformities have 
become more common from the early 1990s and 
the frequency of deformity was often above the 
2 96 background value. 


3. Amphibian deformities are a multiple cause 
phenomenon, which needs to be studied in more 
detail also in the field. 


4, On the basis of a three year national study 
in Hungary, a protocol suitable for professionals 
as well as volunteers was developed to monitor 
amphibian deformities. 


5. Reports describing individual animals have 
value, e.g. to prove the occurrence of a given 
deformity at a site, in a country or any other 
geographical unit, or the presence of deformities 
in a particular species. 


6. In addition to accurate and appropriate 
categorisation, the indication of the part and side 
of the body where the malformation occurs can 
also be relevant. 


7. To be able to analyse amphibian deformity 
cases further (e.g. to give frequency data) numer- 
ous individuals should be checked. Twenty-five 
individuals is an absolute minimum, fifty 
individuals per site is a reasonable number with 
an optimal number of a hundred individual per 
site especially if the deformity frequency is over 
10 %. However, if only a lower number of animals 
can be caught, it is still worth recording if they 
are healthy or not. 


8. The health condition of rarer species is also 
of interest especially when the deformity rate is 
high in one of the common species at the studied 
site. 


9. Further study of populations with deformity 
rates higher than 10 % is strongly recommended. 
Abundance estimations over at least a 400 m? 


area or a 200 metre riverbank proved to be 
especially helpful. 


10. Photography can be an important way of 
making precise records. 


11. If mass occurrence of amphibian de- 
formities is detected or peculiar deformities are 
found, it is worth contacting nature conservation 
authorities at once. 


12. Traditional water analysis rarely provides 
relevant information, but the recording of other 
abiotic or biotic data is important in the future 
analysis of deformities. 
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